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(54) FLUOROSCOPIC POSITIONING GUIDANCE

(57) The presentinventionrelates to patient position-
ing. In order to facilitate patient positioning, an apparatus
is provided that comprises an input unit, a processing
unit, and an output unit. The input unit is configured to
receive an X-ray image of an anatomy of interest of a
patient obtained from a first image acquisition and a tar-
get set of pose parameters describing a target position
of the anatomy of interest for image acquisition. The
processing unit is configured to detect the anatomy of
interest in the X-ray image, to determine a set of pose
parameters describing a current position of the detected
anatomy of interest in the first image acquisition, to de-
termine a difference between the determined set of pose
parameters and the target set of pose parameters, and
to construct a trajectory that defines a sequence of sets
of pose parameters for bringing the anatomy of interest
from the current position to the target position, if the dif-
ference is equal to or greater than a pre-defined thresh-
old. The processing unit is further configured to generate
a series of X-ray images according to the received X-ray
image and the sequence of sets of pose parameters in
the trajectory to synthesize a virtual fluoroscopic image
sequence of frames representing an animated radio-
graphic imaging during re-positioning of the patient. The
output unit is configured to provide the synthetic virtual
fluoroscopic image sequence for positioning guidance
for a second image acquisition.
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Description
FIELD OF THE INVENTION

[0001] The present invention generally relates to pa-
tient positioning, and in particular to an apparatus and a
method for positioning guidance for image acquisition,
to an X-ray imaging system, to a computer program prod-
uct, and to a computer-readable medium.

BACKGROUND OF THE INVENTION

[0002] Patient positioning is one of the most important
quality aspect in radiology. It takes skills and experience
to position a patient properly. Especially in musculoskel-
etal acquisitions it may take several attempts until the
image is of sufficient quality.

SUMMARY OF THE INVENTION

[0003] There may, therefore, be a need to facilitate pa-
tient positioning.

[0004] The object of the present invention is solved by
the subject-matter of the independent claims. Further
embodiments and advantages of the invention are incor-
porated in the dependent claims. Furthermore, it shall be
noted that all embodiments of the present invention con-
cerning a method might be carried out with the order of
the steps as described, nevertheless this has not to be
the only and essential order of the steps of the method
as presented herein. The method disclosed herein can
be carried out with another order of the disclosed steps
without departing from the respective method embodi-
ment, unless explicitly mentioned to the contrary herein-
after.

[0005] Technical terms are used by their common
sense. If a specific meaning is conveyed to certain terms,
definitions of terms will be given in the following in the
context of which the terms are used.

[0006] According to a first aspect of the presentinven-
tion, there is provided an apparatus for positioning guid-
ance forimage acquisition. The apparatus comprises an
input unit, a processing unit, and an output unit. The input
unit is configured to receive an X-ray image of an anat-
omy of interest of a patient obtained from a first image
acquisition and a target set of pose parameters describ-
ing a target position of the anatomy of interest for image
acquisition. The processing unit is configured to detect
the anatomy of interest in the X-ray image, to determine
a set of pose parameters describing a current position of
the detected anatomy of interest in the firstimage acqui-
sition, to determine a difference between the determined
set of pose parameters and the target set of pose param-
eters, and to construct a trajectory that defines a se-
quence of sets of pose parameters for bringing the anat-
omy of interest from the current position to the target
position, if the difference is equal to or greater than a pre-
defined threshold. The processing unit is further config-

10

15

20

25

30

35

40

45

50

55

ured to generate a series of X-ray images according to
the received X-ray image and the sequence of sets of
pose parameters in the trajectory to synthesize a virtual
fluoroscopic image sequence of frames representing an
animated radiographic imaging during re-positioning of
the patient. The output unit is configured to provide the
synthetic virtual fluoroscopic image sequence for posi-
tioning guidance for a second image acquisition.

[0007] The apparatus as described herein presents a
synthetic X-ray sequence, also referred to as virtual fluor-
oscopic sequence, which renders the X-ray positioning
from actual real positioning to a desired positioning of
the patient indicating exactly the impact of the re-posi-
tioning.

[0008] Synthesizing a fluoroscopic sequence from a
single X-ray and some model parameters is technically
challenging. However, with the method available to esti-
mate all pose parameters each given radiograph from an
exam class (e.g. knee lateral) can be embedded in a
multidimensional quality space spanned by these param-
eters. Agenerative model may be trained with single such
images but advantageously with tuples of such images
from an acquisition session of a patient with multiple po-
sitions. In an alternative example, this generative model
may be trained using three-dimensional (3D) images of
the anatomy, which may be the rendered in the target
two-dimensional (2D) space. This generative model is
used to regress deviations from a given real radiograph
where the target parameters deviate from the real de-
tected parameters.

[0009] A trajectory from observed to target parameter
setting is constructed such that it follows a certain cho-
reography or plot where changes of some parameters
are done separately, and others are done simultaneous-
ly. Forexample, firstin-plane displacement (centralbeam
position) and collimation (field of view) are changed and
then in-plane rotation is changed, then the other two re-
maining angles (rotation and angulation) are simultane-
ously changed, finally joint flexion is changed. In an al-
ternative embodiment, the trajectory may be specified
using an interactive operator interface, where re-posi-
tioning alternatives can be intuitively simulated and com-
pared by the user, and their effects then observed in the
resulting fluoroscopy sequence.

[0010] The fluoroscopic sequence is created by gen-
erating a series of X-ray images according to the input
image and the plot which defines the set of parameters
for each image in the series, starting from the actual pa-
rameter set and ending with the recommended parame-
ter set. Theresulting video may appear like a fluoroscopic
image sequence of all required positioning changes to
be taken to reproduce the recommended setting, how-
ever, at no cost of additional X-ray dose.

[0011] In some examples, the virtual fluoroscopic se-
quence may be used as a feedback to the technician
after a first acquisition was rejected by quality control in
the context of the Radiology Assistant. In this case, the
animation is related to that existing image of the patient,
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and the target position of the anatomy of interest is a
standard position recommended for this kind of acquisi-
tion.

[0012] In some examples, it could alternatively be also
based on a standard position from which a deviating
known position is required to be taken. In this case, the
target position of the anatomy of interest is the deviating
known position.

[0013] Although the following discussion is focused on
the situation that the virtual fluoroscopic sequence is
used as a feedback to the technician after a first acqui-
sition was rejected by quality control in the context of the
Radiology Assistant by way of example, it can be appre-
ciated that the target position of the anatomy of interest
may be any desired position and can be defined differ-
ently for other applications.

[0014] With the apparatus and method as described
herein, no technologist has to leave the operation room
to position the patient. Further, the virtual fluoroscopic
sequence requires no additional X-ray dose during re-
positioning.

[0015] According to an exemplary embodiment of the
present invention, the processing unit is configured to
augment the synthetic virtual fluoroscopic image se-
quence with an annotation indicative of a required move-
ment of detected anatomy of interest.

[0016] In other words, the X-ray sequence may be
complemented by additional graphical representations
of the re-positioning changes, for example, a surface-
based rendering of the anatomical elements and the re-
positioning thereof.

[0017] According to an exemplary embodiment of the
present invention, the annotation comprises at least one
of an axis that follows a movement of the anatomy of
interest along the trajectory and an angle or sub manifold
spanned by the axis over the time of the sequence.
[0018] According to an exemplary embodiment of the
present invention, the processing unit is configured to
register a deformable model of the detected anatomy of
interest to the received X-ray image, to adapt the deform-
able model of the detected anatomy of interest according
to the sequence of sets of pose parameters in the trajec-
tory, and to augment the synthetic virtual fluoroscopic
image sequence with the adapted deformable model in
each frame.

[0019] According to an exemplary embodiment of the
present invention, the processing unit is configured to
highlight a landmark and/or a key point on the detected
anatomy of interest and render a movement of the high-
lighted landmark and/or key point in the synthetic virtual
fluoroscopic image sequence.

[0020] According to an exemplary embodiment of the
present invention, the processing unit is configured to
apply a generative model to generate the series of X-ray
images, wherein the generative model has been trained
on training data.

[0021] Examples ofthe generative model may include,
but are not limited to, a probabilistic framework and a
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deep encoder-decoder network architecture. An exem-
plary deep encoder-decoder network architecture will be
explained in detail with respect to the example shown in
Fig. 3.

[0022] According to an exemplary embodiment of the
present invention, the training data comprises a plurality
of three-dimensional (3D) images of the anatomy of in-
terest.

[0023] According to an exemplary embodiment of the
present invention, the training data comprises a plurality
of two-dimensional (2D) images of the anatomy of inter-
est and pose parameters derived from the two-dimen-
sional images.

[0024] According to a second aspect of the present
invention, there is provided an X-ray imaging system.
The X-ray imaging system comprises an X-ray imaging
device configured to acquire an X-ray image of an anat-
omy of interest of a patient. The X-ray imaging system
additionally comprises an apparatus according to the first
aspect, which is configured to provide, based on the ac-
quired X-ray image of the anatomy of interest, a synthetic
virtual fluoroscopic image sequence for positioning guid-
ance for a next image acquisition. The X-ray imaging
system further comprises a display configured to display
the synthetic virtual fluoroscopic image sequence.
[0025] This will be explained hereinafter and in partic-
ular with respect to the example shown in Fig. 2.
[0026] According to athird aspect of the presentinven-
tion, there is provided a method for positioning guidance
for image acquisition. The method comprises the follow-
ing steps:

- receiving an X-ray image of an anatomy of interest
of a patient obtained from a first image acquisition;

- receiving a target set of pose parameters describing
a target position of the anatomy of interest for image
acquisition;

- detecting the anatomy of interest in the X-ray image;

- determining a set of pose parameters describing a
current position of the detected anatomy of interest
in the first image acquisition;

- determining adifference between the determined set
of pose parameters and the target set of pose pa-
rameters;

- constructing a trajectory that defines a sequence of
sets of pose parameters for bringing the anatomy of
interest from the current position to the target posi-
tion, if the difference is equal to or greater than a pre-
defined threshold;

- generating a series of X-ray images according to the
received X-ray image and the sequence of sets of
pose parameters in the trajectory to synthesize a vir-
tual fluoroscopic image sequence of frames repre-
senting an animated radiographic imaging during re-
positioning of the patient; and

- providing the synthetic virtual fluoroscopicimage se-
quence for positioning guidance for a second image
acquisition.
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[0027] This will be explained hereinafter and in partic-
ular with respect to the example shown in Fig. 4.
[0028] According to an exemplary embodiment of the
presentinvention, the method further comprises the step
of augmenting the synthetic virtual fluoroscopic image
sequence with an annotation indicative of a required
movement of detected anatomy of interest.

[0029] According to an exemplary embodiment of the
present invention, the method further comprises the
steps of registering a deformable model of the detected
anatomy of interest to the received X-rayimage, adapting
the deformable model of the detected anatomy of interest
according to the sequence of sets of pose parameters in
the trajectory, and augmenting the synthetic virtual fluor-
oscopic image sequence with the adapted deformable
model in each frame.

[0030] According to an exemplary example of the
presentinvention, the method further comprises the step
of displaying the synthetic virtual fluoroscopic image se-
quence for positioning guidance for a second image ac-
quisition.

[0031] According to another aspect of the present in-
vention, there is provided a computer program product
comprising instructions to cause the apparatus of the first
aspect or the system of the second aspect to execute
the steps of the method of the third aspect.

[0032] According to a further aspect of the present in-
vention, there is provided a computer-readable medium
having stored thereon the computer program.

[0033] As used herein, the term "patient" may include
e.g., a human subject, and an animal subject.

[0034] As used herein, the term "pose parameters"”
may also be referred to as "positioning parameters". The
pose parameters may describe the position, orientation,
and scale of several anatomical landmarks of the anat-
omy of interest.

[0035] As used herein, the term "machine learning
model", may refer to a statistical method that enables
machines to "learn" tasks from data without explicitly pro-
gramming, relying on patterns in the data instead. For
example, the machine learning model may be a deep
learning model. Deep learning is a subset of machine
learning modeled loosely on the neural pathways of the
human brain. Deep refers to the multiple layers between
the input and output layers. In deep learning, the algo-
rithm automatically learns what features are useful. A
general introduction into machine learning and corre-
sponding software frameworks is described in "Machine
Learning and Deep Learning frameworks and libraries
for large-scale data mining: a survey"; Artificial Intelli-
gence Review; Giang Nguyen et al., June 2019, Volume
52, Issue 1, pp 77-124.

[0036] These and other features of the present inven-
tion will become apparent from and elucidated with ref-
erence to the embodiments described hereinafter.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Exemplary embodiments of the invention willbe
described in the following with reference to the following
drawings.

Fig 1 illustrates an exemplary apparatus for position-
ing guidance for image acquisition.

Fig. 2illustrates an exemplary X-ray imaging system.
Fig. 3 illustrates an exemplary generative model.
Fig. 4 shows a flow chart describing an exemplary
method for positioning guidance for image acquisi-
tion.

[0038] The figures are merely schematic representa-
tions and serve only to illustrate embodiments of the in-
vention. Identical or equivalent elements are in principle
provided with the same reference signs.

DETAILED DESCRIPTION OF EMBODIMENTS

[0039] Proper patient positioning is one of the pre-req-
uisites of a diagnostic radiograph and is a typical chal-
lenge to achieve in daily clinical routine. Often several
acquisitions are required until the pose is sufficient for
the required image quality. Visual feedback on the pre-
vious image is highly appreciated to correct any errors
made and to ensure an improved positioning at the next
acquisition.

[0040] Various methods supported by artificial intelli-
gence have been proposed to estimate relevant position-
ing parameters from a given radiograph. These estimat-
ed positioning parameters may be compared with the
ideal parameters recommended for this kind of acquisi-
tion to assess the quality. Also recommendations may
be derived how to change the parameters in order to
improve the quality.

[0041] In order to visualize the indicated change of
these parameters based on the current image, a well-
known method places some icons into the image to in-
dicate changes to be made by arrows or by showing both
actual and desired position of an object. Such graphical
representations may help indicating what needs to be
changed, but annotating the given image with such
graphical icons may not be the optimal way to visualize
it. Pre-positioning using fluoroscopy is another known
method for remote positioning. The advantage is that for
combined RF/DXR systems, no technologisthas to leave
the operation room to position the patient, however, at
the cost of additional X-ray dose during positioning.
[0042] Towards this end, an apparatus, an X-ray im-
aging system, and a method are provided utilizing an
alternative approach showing the required changes in
positioning by simulating an animated radiographic im-
aging during re-positioning of the patient. The virtual
fluoroscopic sequence starts with the current image,
shows all the changes that are required, and ends with
the radiograph of the recommended positioning. This se-
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quence may also be complemented by additional graph-
ical representations of the re-positioning changes, for ex-
ample a surface-based rendering of the anatomical ele-
ments and the re-positioning thereof. The virtual fluoro-
scopic sequence may be used as a feedback to the tech-
nician after a first acquisition was rejected by quality con-
trol in the context of the Radiology Assistant. In this case
the animation is related to that existing image of the pa-
tient. It could alternatively be also based on a standard
position from which a deviating known position is required
to be taken.

[0043] Fig. 1illustrates an exemplary apparatus 10 for
positioning guidance for image acquisition. The exem-
plary apparatus 10 comprises an input unit 12, a process-
ing unit 14, and an output unit 16.

[0044] In general, the apparatus 10 may comprise var-
ious physical and/or logical components for communi-
cating and manipulating information, which may be im-
plemented as hardware components (e.g., computing
devices, processors, logic devices), executable compu-
ter program instructions (e.g., firmware, software) to be
executed by various hardware components, or any com-
bination thereof, as desired for a given set of design pa-
rameters or performance constraints. Although Fig.1
may show a limited number of components by way of
example, it can be appreciated that a greater or a fewer
number of components may be employed for a given
implementation.

[0045] In some implementations, the apparatus 10
may be embodied as, or in, a device or apparatus, such
as aserver, workstation, or mobile device. The apparatus
10 may comprise one or more microprocessors or com-
puter processors, which execute appropriate software.
The processing unit 14 of the apparatus 10 may be em-
bodied by one or more of these processors. The software
may have been downloaded and/or stored in a corre-
sponding memory, e.g., a volatile memory such as RAM
or anon-volatile memory such as flash. The software may
comprise instructions configuring the one or more proc-
essors to perform the functions as described herein.
[0046] Itis noted that the apparatus 10 may be imple-
mented with or without employing a processor, and also
may be implemented as a combination of dedicated hard-
ware to perform some functions and a processor (e.g.,
one or more programmed microprocessors and associ-
ated circuitry) to perform other functions. For example,
the functional units of the apparatus 10, e.g., the input
unit 12, the one or more processing units 14, and the
output unit 16 may be implemented in the device or ap-
paratus in the form of programmable logic, e.g., as a
Field-Programmable Gate Array (FPGA). In general,
each functional unit of the apparatus may be implement-
ed in the form of a circuit.

[0047] In some implementations, the apparatus 10
may also be implemented in a distributed manner. For
example, some or all units of the apparatus 10 may be
arranged as separate modules in a distributed architec-
ture and connected in a suitable communication network,
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such as a 3rd Generation Partnership Project (3GPP)
network, a Long Term Evolution (LTE) network, Internet,
LAN (Local Area Network), Wireless LAN (Local Area
Network), WAN (Wide Area Network), and the like.
[0048] The operation of the apparatus 10 will be ex-
plained in detail hereinafter and in particular with respect
to the system shown in Fig. 2 and the method shown in
Fig. 4.

[0049] Fig. 2 shows schematically an exemplary X-ray
imaging system 100. The exemplary X-ray imaging sys-
tem 100 comprises the apparatus 10 as shown in Fig. 1,
an X-ray imaging device 20, a system console 30, a dis-
play 40, and a database 50.

[0050] The X-ray imaging device 20 comprises an X-
ray source 22 and an X-ray detector 24. The X-ray de-
tector 24 is spaced from the X-ray source 22 to accom-
modate a patient PAT to be imaged. In some examples,
the X-ray imaging device 20 may be of the C-arm type
and the patient PAT may be lying on an examination ta-
ble. In some examples, e.g. in a chest radiography ex-
amination, the patient PAT may stand facing a flat surface
behind which is the X-ray detector 24.

[0051] In general, during an image acquisition, a colli-
mated X-ray beam emits from the X-ray source 22, pass-
es through the patient PAT at a region of interest (ROI),
experiences attenuation by interaction with matter there-
in, and the attenuated beam then strikes the surface of
the X-ray detector 24. The density of the organic material
making up the ROI determines the level of attenuation.
High-density material (such as bone) causes higher at-
tenuation than less dense materials (such as tissue). The
registered digital values for the X-ray are then consoli-
dated into an array of digital values forming an X-ray pro-
jection image for a given acquisition time and projection
direction.

[0052] Overall operation of the X-ray imaging device
20 may be controlled by an operator from the system
console 30. The system console 30 may be coupled to
a display 40 on which the acquired X-ray images or im-
ager settings may be viewed or reviewed. An operator
such as amedical lab technical can control via the system
console 30 an image acquisition run by releasing individ-
ual X-ray exposures for example by actuating a joy stick
or pedal or other suitable input means coupled to the
system console 40.

[0053] In operation, the patient PAT is positioned e.g.
with the help of a technologist for afirstimage acquisition.
For example, the patient PAT is positioned for knee ra-
diographs to assess the bony structure of the knee and
e.g.todefine the presence of fractures and also to assess
for degenerative disease within the joint.

[0054] Patient positioning is important in the setting of
musculoskeletal imaging, such as the exemplary knee
radiographs shown in Fig. 3. Multiple projections assist
in characterizing fractures, joint alignment, and other
pathologies such as arthritis and tumors. Non-standard
projections can potentially lead to missed diagnoses and
associated morbidity. The importance of standard flexion
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and extension positioning is paramount, considering
these positions can affect the appearance of standard
anatomy on radiographs. The potential for ascribing a
diagnosis in the setting of a normal study (i.e., a "false
positive") isimportant to consider when anatomy appears
altered due to non-standard positioning and projections.
[0055] Towards this end, the apparatus 10 is provided
for positioning guidance for image acquisition. As de-
scribed above, the apparatus 10 may be any computing
device, including desktop and laptop computers, smart-
phones, tablets, etc. The apparatus 10 may be a general-
purpose device or a device with a dedicated unit of equip-
ment suitable for providing the functionality as described
herein. In the example of Fig. 2, the components of the
apparatus 10 are shown as integrated in one single unit.
However, in alternative examples, some or all compo-
nents may be arranged as separate modules in a distrib-
uted architecture and connected in a suitable communi-
cation network. The apparatus 10 and its components
may be arranged as dedicated FPGAs or as hardwired
standalone chips, such as the apparatus shown in Fig.
2. In some examples (not shown), the apparatus 10 or
some of its components may be resident in the system
console 30 running as software routines.

[0056] The input unit 12 of the apparatus 10 is config-
ured to receive an X-ray image 60 of an anatomy of in-
terest of a patient obtained from the first image acquisi-
tion. Examples of the anatomy of interest may include,
but are not limited to, chest, hand, wrist, forearm, elbow,
humerus, shoulder, foot, ankle, tibia-fibula, or any other
anatomy of interest of a patient.

[0057] The input unit 12 of the apparatus 10 is further
configured to receive a target set of pose parameters
describing a target position of the anatomy of interest for
image acquisition. For example, the target set of pose
parameters are ideal parameters recommended for this
kind of image acquisition. In some examples, as shown
in Fig. 2, the target set of pose parameters may be re-
trieved from the database 50 that stores a plurality of
target sets of pose parameters for different anatomies of
interest including, but not limited, to chest, hand, wrist,
forearm, elbow, humerus, shoulder, foot, ankle, tibia-fib-
ula, or any other anatomy of interest of a patient.
[0058] The target set of pose parameters may be de-
fined utilizing positioning protocols that are based on em-
pirically derived standards for a particular acquisition. For
example, the target set of pose parameters for knee ra-
diographs may include a target rotation parameter, a tar-
get angulation parameter, a target flexion parameter, a
target field of view, and a target central beam parameter.
For instance, for a standard lateral knee protocol, these
parameters are those that position a standard knee mod-
el fit to the bones in the image such that its condyles
overlap perfectly with each other when projected onto
the detector. An ideal flexion angle is chosen, typically
between full flexion and full extension.

[0059] The processing unit 14 is configured to detect
the anatomy of interest in the X-ray image. For example,
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a segmentation module may be applied to segment the
anatomy of interest in the X-ray image. Examples of the
segmentation module may include, but are not limited to,
fully convolutional neural networks (FCNS), U-Net, or
generative adversarial network (GAN), which will be
briefly discussed below.

[0060] FCN is derived from a CNN-based segmenta-
tion network. It trains end-to-end, pixels-to-pixels digital
input images for a given segmentation task. The idea of
FCN is to build convolutional layers without any fully con-
nected layers and to produce an output size that corre-
sponds to the input. The input data feature map is en-
coded and decoded using transposed convolution to at-
tain the same size output. As the network decodes, the
skip connection sums pre-extracted feature maps to re-
cover the spatial information during pooling operations.
[0061] U-Netis an FCN that relies on the use of data
augmentation aided toward precise localization in bio-
medical image segmentation. The U-Net architecture in-
cludes multiple up-sampling layers, skip connection that
concatenates feature maps, and learnable weight filters.
The result shows outstanding performance in both bio-
medical image segmentation and crack detection.
[0062] GAN-based segmentation models can be con-
sidered as a two-player game between a generator,
which learns how to generate samples resembling real
data, and a discriminator, which learns how to discrimi-
nate between real and generated data. Both the gener-
ator and the discriminator cost functions are minimized
simultaneously. The iterative minimization of cost func-
tions eventually leads to a Nash equilibrium where nei-
ther can further unilaterally minimize its cost function. In
the end, the GAN discriminator provides an abstract un-
supervised representation of the input images.

[0063] The processing unit 14 is further configured to
determine a set of pose parameters describing a current
position of the detected anatomy of interest in the first
image acquisition. A method supported by artificial intel-
ligence may be used to estimate relevant positioning pa-
rameters from a given radiograph. For example, convo-
lutional neuronal networks (CNNs) may be applied to de-
termine the set of pose parameters with a two-step algo-
rithm. In a first step, pose-discriminative features (e.g.
outer silhouettes, inner contours) are detected by a CNN.
Thereafter, another CNN maps these features in form of
binary segmentation masks to all pose parameters of in-
terest. For a detailed discussion concerning the two-step
algorithm, reference is made to the following publication:
Kronke et al. CNN-based pose-estimation of muscu-
loskeletal X-ray images. OCUPAI 2021. With the method
available to estimate all pose parameters, each given
radiograph from an exam class (e.g. knee lateral) can be
embedded in a multidimensional quality space spanned
by these parameters.

[0064] The processing unit 14 is further configured to
determine a difference between the determined set of
pose parameters and the target set of pose parameters.
In other words, the determined set of pose parameters
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can be compared with the ideal parameters recommend-
ed for this kind of acquisition to assess the quality.
[0065] The processing unit 14 is further configured to
construct a trajectory that defines a sequence of sets of
pose parameters for bringing the anatomy of interest from
the current position to the target position, if the difference
is equal to or greater than a pre-defined threshold.
[0066] In some examples, the pre-defined threshold
may be a maximum allowable range centered around the
target set of pose parameters, within which the pose is
sufficient for arequired image quality. Also taken the knee
radiographs as an example, the maximum allowable
range may comprise a maximum allowable range of in-
plane displacement centered around the target central
beam position parameter, a maximum allowable range
of collimation centered around the target field of view, a
maximum allowable range of angles centered around the
target rotation parameter, a maximum allowable range
of angles centered around the target angulation, and a
maximum allowable range of flexion around the target
joint flexion. The maximum allowable range may be de-
fined in a multidimensional quality space spanned by
these parameters. In some examples, the pre-defined
threshold may be a threshold less than the maximum
allowable range centered around the target set of pose
parameters. The pre-defined threshold may be set and
adjusted by a user via a user interface.

[0067] The trajectory from observed to the target pa-
rameter setting may be constructed such that it follows
a certain choreography or plot where changes of some
pose parameters may be done separately, and others
may be done simultaneously. In the example of knee
radiographs, first in-plane displacement, i.e. central
beam position, and collimation, i.e. field of view, may be
changed and then in-plane rotation may be changed. Af-
terwards, the other two remaining angles, i.e. rotation
and angulation, may be simultaneously changed. In
some examples, the trajectory may be derived from pre-
viously monitored movement trajectory of the patient or
other patients during re-positioning. It may be beneficial
that the derived trajectory reflects the natural movement
trajectory of the patient, and thus prevent the patient from
being hurt due to unnatural movement trajectory. This
may be done by using a camera to acquire a sequence
of images to capture the movement trajectory of the pa-
tient and/or other patients during patient re-positioning
in previous examinations. The acquired sequence of im-
ages may be used to train a machine learning model to
estimate changes of pose parameters from a given dif-
ference between the observed parameter setting and the
target parameter setting. In some examples, the trajec-
tory may be specified using an interactive operator inter-
face, such as the system console 40, where re-position-
ing alternatives can be intuitively simulated and com-
pared by the user, and their effects the observed in the
resulting fluoroscopy sequence.

[0068] The processing unit 14 is further configured to
generate a series of X-ray images according to the re-
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ceived X-ray image and the sequence of sets of pose
parameters in the trajectory to synthesize a virtual fluor-
oscopic image sequence of frames representing an an-
imated radiographic imaging during re-positioning of the
patient. In other words, the fluoroscopic sequence is cre-
ated by generating a series of X-ray images according
to the input image and the plot which defines the set of
parameters for each image in the series, starting from
the actual parameter set and ending with the recom-
mended parameter set. The resulting video may appear
like a fluoroscopic image sequence of all required posi-
tioning changes to be taken to reproduce the recom-
mended setting.

[0069] For example, a generative model may be
trained to reproduce a mapping between the X-ray image
having the observed posed parameter setting and X-ray
images having the sequence of sets of pose parameters
for bringing the anatomy of interest from the current po-
sition to the target position. In other words, from the ac-
quired X-ray image, the generative model may be used
to generate additional synthetic X-ray images from a hy-
pothetical acquisition session of the patient with multiple
positions.

[0070] The generative model may be trained with sin-
gle such images but advantageously with tuples of such
images from an acquisition session of a patient with mul-
tiple positions. In an alternative example, the generative
model may be trained using 3D images of the anatomy,
which may be the rendered in the target 2D (image)
space. This generative model may be used to regress
deviations from a given real radiograph where the target
parameters deviate from the real detected parameters.
[0071] In some examples, the generative model may
include a generative model of image synthesis using a
probabilistic framework. In some examples, the genera-
tive model may include a deep encoder-decoder network
architecture.

[0072] Fig. 3 shows an example of a generative model
that has an encoder decoder network architecture. The
architecture relies on finding a mapping between an input
image and a desired image. The input image is an ac-
quired X-ray image 60. The desired image is a sequence
of synthetic X-ray images 70 from a hypothetical acqui-
sition session of the patient with multiple positions.
[0073] In particular, the input layer L1 receives an X-
ray image acquired from a real acquisition session of the
patient with a first position. Then, layers L2 and L3 aim
to encode the input. The subsequent layers L4 and L5
essentially decode the information coming from the pre-
vious layers, providing at the output a synthetic X-ray
image acquired from a hypothetical acquisition session
of the patient with a second position different from the
first position. The weights per-layer may be pre-trained
based on a training dataset comprising a plurality of pairs
of acquired X-ray images having different sets of pose
parameters. The pre-training may rely on unsupervised
learning.

[0074] Intheinference phase, an X-ray image acquired
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from a real acquisition session of the patient with a first
position is provided to the layer L1 and into the entire
network. The activations on the layer L5 are the output
of the network and represent the actual synthetic X-ray
image acquired from a hypothetical acquisition session
of the patient with a second position different from the
first position. Although Fig.3 may show a limited number
of X-ray images in the sequence by way of example, it
can be appreciated that a greater or a fewer number of
X-ray images may be generated for a given implemen-
tation.

[0075] Turning back to Fig. 2, the output unit 16 is con-
figured to provide the synthetic virtual fluoroscopicimage
sequence 70 for positioning guidance for a second image
acquisition, e.g. to the display 40 on the system console
30.

[0076] As the images are synthetically rendered, they
may be augmented by annotations. In the following,
some exemplary annotations will be discussed. These
exemplary annotations may be combined with each oth-
er.

[0077] In anexample, the synthetic X-ray images may
be augmented by annotations like axes that follow the
movement of their bones. Also angles or sub manifolds
spanned by such an axis over the time of the sequence
may be shown to illustrate the overall changes to be
made. For example, as shown in Fig. 3, anicon is placed
into the image to indicate changes to be made by arrows.
[0078] In another example, a deformable and para-
metrized 3D model may be registered to the given X-ray
image in each frame. Subsequently, the trajectory de-
scribed above can feed an animation of this model re-
sulting in a fully synthetic sequence of frames. In each
frame, a rendering of the adapted 3D model may be pre-
sented from the perspective of the tube head or a pre-
diction for the most salient contours when projecting the
model under the pose corresponding to the respective
frame.

[0079] As a further example, special landmarks and
keypoints of the bone surface may be highlighted to pro-
vide additional guidance and orientation for the radiog-
rapher (e.g. those being palpable from the outside). The
movement of theses keypoints may be rendered in the
fluoroscopic image sequence.

[0080] Fig. 4 illustrates a flow chart describing an ex-
emplary method 200 for positioning guidance for image
acquisition. The method 200 may be implemented as a
device, module or related component in a set of logic
instructions stored in a non-transitory machine- or com-
puter-readable storage medium such as random access
memory (RAM), read only memory (ROM), programma-
ble ROM (PROM), firmware, flash memory, etc., in con-
figurable logic such as, for example, programmable logic
arrays (PLAs), field programmable gate arrays (FPGAs),
complex programmable logic devices (CPLDs), in fixed-
functionality hardware logic using circuit technology such
as, for example, application specific integrated circuit
(ASIC), complementary metal oxide semiconductor
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(CMQS) or transistor-transistor logic (TTL) technology,
or any combination thereof. For example, computer pro-
gram code to carry out operations shown in the method
100 may be written in any combination of one or more
programming languages, including an object oriented
programming language such as JAVA, SMALLTALK,
C++, Python, or the like and conventional procedural pro-
gramming languages, such as the "C" programming lan-
guage or similar programming languages. For example,
the method may be implemented as the apparatus 10
shown in Fig. 1 and Fig. 2.

[0081] At block 210, an X-ray image of an anatomy of
interest of a patient obtained from a firstimage acquisition
is received, e.g. by the exemplary apparatus 10 shown
in Fig. 1 or Fig. 2. The X-ray image of the anatomy of
interest of the patient may be acquired by the exemplary
X-ray imaging device 20 shown in Fig. 2. Examples of
the anatomy of interest may include, but are not limited
to, chest, hand, wrist, forearm, elbow, humerus, shoul-
der, foot, ankle, and tibia-fibula.

[0082] At block 220, a target set of pose parameters
is received. The target set of pose parameters describes
a target position of the anatomy of interest for image ac-
quisition. Take knee radiographs as an example, the tar-
getset of pose parameters may comprise a target rotation
parameter, a targetangulation parameter, atargetflexion
parameter, a target field of view, and a target central
beam parameter. The target set of pose parameters may
be retrieved from a database, e.g. database 50 shown
in Fig. 2, which stores, for each anatomy of interest, a
respective target set of pose parameters.

[0083] At block 230, the anatomy of interest in the X-
ray image is detected. For example, a segmentation
module, e.g. FCNS, U-Net, or GAN, may be applied to
segment the anatomy of interest in the X-ray image.
[0084] Atblock 240, a set of pose parameters is deter-
mined describing a current position of the detected anat-
omy of interest in the firstimage acquisition. Forexample,
a machine-learning model, such as CNN, may be used
to estimate relevant positioning parameters from the giv-
en radiograph.

[0085] At block 250, a difference between the deter-
mined set of pose parameters and the target set of pose
parameters. In other words, a deviation between the cur-
rent positon and the target position is determined.
[0086] Atblock 260, atrajectory is constructed that de-
fines a sequence of sets of pose parameters for bringing
the anatomy of interest from the current position to the
target position, if the difference is equal to or greater than
a pre-defined threshold. The trajectory from observed to
target parameter setting may be constructed such that it
follows a certain choreography or plot where changes of
some parameters are done separately, and others are
done simultaneously. In an example, the trajectory may
be determined using a trained machine learning model.
In an alternative example, the trajectory may be specified
using an interactive operator interface, where re-posi-
tioning alternatives can be intuitively simulated and com-
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pared by the user, and their effects then observed in the
resulting fluoroscopy sequence.

[0087] At block 270, a series of X-ray images is gen-
erated according to the received X-ray image and the
sequence of sets of pose parameters in the trajectory to
synthesize a virtual fluoroscopic image sequence of
frames representing an animated radiographic imaging
during re-positioning of the patient. A generative model
may be trained with single such images but advanta-
geously with tuples of such images from an acquisition
session of a patient with multiple positions. In an alter-
native example, this model is trained using 3D images
of the anatomy, which may be the rendered in the target
2D space. This generative model is used to regress de-
viations from a given real radiograph where the target
parameters deviate from the real detected parameters.
[0088] At block 280, the synthetic virtual fluoroscopic
image sequence is provided for positioning guidance for
a second image acquisition. For example, the synthetic
virtual fluoroscopic image sequence may be displayed
to the operator. The fluoroscopic image sequence may
also be complemented by additional graphical represen-
tations of the re-positioning changes. For example, the
fluoroscopic image sequence may be complemented by
a surface-based rendering of the anatomical elements
and the re-positioning thereof. This may be done by reg-
istering a deformable model of the detected anatomy of
interest to the received X-ray image, adapting the de-
formable model of the detected anatomy of interest ac-
cording to the sequence of sets of pose parameters in
the trajectory, and augmenting the synthetic virtual fluor-
oscopic image sequence with the adapted deformable
model in each frame.

[0089] The synthetic virtual fluoroscopic image se-
quence may be displayed for positioning guidance for a
second image acquisition.

[0090] In another exemplary embodiment of the
present invention, a computer program or a computer
program element is provided that is characterized by be-
ing adapted to execute the method steps of the method
according to one of the preceding embodiments, on an
appropriate system.

[0091] The computer program element might therefore
be stored on a computer unit, which might also be part
of an embodiment of the present invention. This comput-
ing unitmay be adapted to perform orinduce a performing
of the steps of the method described above. Moreover,
it may be adapted to operate the components of the
above described apparatus. The computing unit can be
adapted to operate automatically and/or to execute the
orders of a user. A computer program may be loaded
into a working memory of a data processor. The data
processor may thus be equipped to carry out the method
of the invention.

[0092] This exemplary embodiment of the invention
covers both, a computer program that right from the be-
ginning uses the invention and a computer program that
by means of an up-date turns an existing program into a
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program that uses the invention.

[0093] Further on, the computer program element
might be able to provide all necessary steps to fulfil the
procedure of an exemplary embodiment of the method
as described above.

[0094] According to a further exemplary embodiment
of the present invention, a computer readable medium,
such as a CD-ROM, is presented wherein the computer
readable medium has a computer program element
stored on it which computer program element is de-
scribed by the preceding section.

[0095] A computer program may be stored and/or dis-
tributed on a suitable medium, such as an optical storage
medium or a solid state medium supplied together with
or as part of other hardware, but may also be distributed
in other forms, such as via the internet or other wired or
wireless telecommunication systems.

[0096] However, the computer program may also be
presented over a network like the World Wide Web and
can be downloaded into the working memory of a data
processor from such a network. According to a further
exemplary embodiment of the present invention, a me-
dium for making a computer program element available
for downloading is provided, which computer program
element is arranged to perform a method according to
one of the previously described embodiments of the in-
vention.

[0097] It has to be noted that embodiments of the in-
vention are described with reference to different subject
matters. In particular, some embodiments are described
with reference to method type claims whereas other em-
bodiments are described with reference to the device
type claims. However, a person skilled in the art will gath-
er from the above and the following description that, un-
less otherwise notified, in addition to any combination of
features belonging to one type of subject matter also any
combination between features relating to different sub-
ject matters is considered to be disclosed with this appli-
cation. However, all features can be combined providing
synergetic effects that are more than the simple summa-
tion of the features.

[0098] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive. The invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art in practicing a
claimed invention, from a study of the drawings, the dis-
closure, and the dependent claims.

[0099] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or"an"does not exclude a plurality. A single processor
or other unit may fulfil the functions of several items re-
cited in the claims. The mere fact that certain measures
are re-cited in mutually different dependent claims does
not indicate that a combination of these measures cannot
be used to advantage. Any reference signs in the claims
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should not be construed as limiting the scope.

Claims

1.

An apparatus (10) for positioning guidance forimage
acquisition, comprising:

- an input unit (12);
- a processing unit (14); and
- an output unit (16);

wherein the input unit is configured to receive an X-
ray image of an anatomy of interest of a patient ob-
tained from a first image acquisition and a target set
of pose parameters describing a target position of
the anatomy of interest for image acquisition;
wherein the processing unit is configured to:

- detect the anatomy of interest in the X-ray im-
age,

- determine a set of pose parameters describing
a current position of the detected anatomy of
interest in the first image acquisition,

- determine a difference between the deter-
mined set of pose parameters and the target set
of pose parameters,

- construct a trajectory that defines a sequence
of sets of pose parameters for bringing the anat-
omy of interest from the current position to the
target position, if the difference is equal to or
greater than a pre-defined threshold, and

- generate a series of X-ray images according
to the received X-ray image and the sequence
of sets of pose parameters in the trajectory to
synthesize a virtual fluoroscopic image se-
quence of frames representing an animated ra-
diographic imaging during re-positioning of the
patient; and

wherein the output unit is configured to provide the
synthetic virtual fluoroscopic image sequence for po-
sitioning guidance for a second image acquisition.

The apparatus according to claim 1,

wherein the processing unitis configured to augment
the synthetic virtual fluoroscopic image sequence
with an annotation indicative of arequired movement
of detected anatomy of interest.

The apparatus according to claim 2,
wherein the annotation comprises:

- an axis that follows a movement of the anatomy
of interest along the trajectory; and/or

- an angle or sub manifold spanned by the axis
over the time of the sequence.
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4.

The apparatus according to claim 2 or 3,

wherein the processing unit is configured to register
a deformable model of the detected anatomy of in-
terest to the received X-ray image, to adapt the de-
formable model of the detected anatomy of interest
according to the sequence of sets of pose parame-
ters in the trajectory, and to augment the synthetic
virtual fluoroscopic image sequence with the adapt-
ed deformable model in each frame.

The apparatus according to any one of claims 2 to 4,
wherein the processing unitis configured to highlight
a landmark and/or a key point on the detected anat-
omy of interest and render a movement of the high-
lighted landmark and/or key point in the synthetic
virtual fluoroscopic image sequence.

The apparatus according to any one of the preceding
claims,

wherein the processing unit is configured to apply a
generative model to generate the series of X-ray im-
ages, wherein the generative model has been
trained on training data.

The apparatus according to claim 6,

wherein the training data comprises a plurality of
three-dimensional, 3D, images of the anatomy of in-
terest.

The apparatus according to claim 6 or 7,

wherein the training data comprises a plurality of two-
dimensional, 2D, images of the anatomy of interest
and pose parameters derived from the two-dimen-
sional images.

An X-ray imaging system (100), comprising:

- an X-ray imaging device (20) configured to ac-
quire an X-ray image of an anatomy of interest
of a patient;

- the apparatus according to any one of the pre-
ceding claims configured to provide, based on
the acquired X-ray image of the anatomy of in-
terest, a synthetic virtual fluoroscopic image se-
quence for positioning guidance for a nextimage
acquisition; and

- a display (40) configured to display the syn-
thetic virtual fluoroscopic image sequence.

10. A method (200) for positioning guidance for image

acquisition, comprising:

- receiving (210) an X-ray image of an anatomy
ofinterest of a patient obtained from afirstimage
acquisition;

- receiving (220) a target set of pose parameters
describing a target position of the anatomy of
interest for image acquisition;
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- detecting (230) the anatomy of interest in the
X-ray image;

- determining (240) a set of pose parameters
describing a current position of the detected
anatomy of interest in the firstimage acquisition;
- determining (250) a difference between the de-
termined set of pose parameters and the target
set of pose parameters;

- constructing (260) a trajectory that defines a
sequence of sets of pose parameters for bring-
ing the anatomy of interest from the current po-
sition to the target position, if the difference is
equal to or greater than a pre-defined threshold;
- generating (270) a series of X-ray images ac-
cording to the received X-ray image and the se-
quence of sets of pose parameters in the trajec-
tory to synthesize a virtual fluoroscopic image
sequence of frames representing an animated
radiographic imaging during re-positioning of
the patient; and

- providing (280) the synthetic virtual fluoroscop-
ic image sequence for positioning guidance for
a second image acquisition.

The method according to claim 10, further compris-
ing:

- augmenting the synthetic virtual fluoroscopic
image sequence with an annotation indicative
of a required movement of detected anatomy of
interest.

The method according to claim 11, further compris-
ing:

- registering a deformable model of the detected
anatomy of interest to the received X-ray image;
- adapting the deformable model of the detected
anatomy of interest according to the sequence
of sets of pose parameters in the trajectory; and
- augmenting the synthetic virtual fluoroscopic
image sequence with the adapted deformable
model in each frame.

The method according to any one of claims 10 to 12,
further comprising:

- displaying the synthetic virtual fluoroscopicim-
age sequence for positioning guidance for a sec-
ond image acquisition.

A computer program product comprising instructions
to cause the apparatus of any one of claims 1 to 8
or the system of claim 9 to execute the steps of the
method of any one of claims 10 to 13.

A computer-readable medium having stored thereon
the computer program of claim 14.
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